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"PROCESS FOR PRODUCING A LOW-ATTENUATION OPTICAL I^I^R" 

DESCRIPTION 

The present Invention relates to a process for produdng a low-attenuation 
5 optical fiber. 

One of the most important characteristics of a telecommunication optical 
fiber is Vhe signal attenuation in particular wavetengtii nBgions cuirentiy used 
for long-distance transmission. In fact, ttie lower is the signal attenuation, the 
longer the distance the signal can travel before being amplified. 

10 It is well known that fiber attenuation is negatively aflected by the presence 
of impurities, which can be incorporated within the fiber during the process of 
manufacturing tiiereof. Particulariy troublesome is tiie attenuation -caused by 
contamination by hydroxyl radicals <OH) or water. The attenuation increase 
due to the presence of OH or water in the glass can be as high as atrout 0.6 

15 to 1 -0 dB/km, with a peak in the wavelength range from 1330 nm to 1470 nm 
(commonly identified as "1380 nm window"), making this range unsuitable for 
long-distance transmission. The most suitable wavelength range for long- 
distance transmission is still tiiat around 1SS0 nm, which guarantees very low 
losses. 

20 The advent of wavelength division multiplexing (WDM) technology, \Artitoh 
enables telecommunication systems to operate ovar broad wavelengtii 
* ranges, makes it likely to exploit tiie 1 380 nm window. Removing, or at least 
reducing, the water peak from optical fit)ers is very important to ot>tain tow- 
loss optical telecommunication systems operating on a wkle wavelengtii band 

25 (such as from about 1300 nm to abovt 1 700 nm). 

WO 00/64825, in the attempt to solve the above problem, proposes 
a method of fabricating a cylindrical glass body for use in manufeduring 
optical waveguide fiber, wherein the incorporation of water is at least 
reduced. 
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WO 00/64825 describes the following process to produce an optical fiber 
A porous body is made by depositing reaction products on a tqriindrical 
substrate in a conventional Outside Vapor Deposition <OVD) process. A 
centreline hole (or "central hole") extending axially through the porous body is 
formed by removing the substrate. Tlie hollow body so obtained is 
consolidated in a chlorine-containing atmosphere to chemically dry the blank, 
thus fomiing a consolidated glass preform having a centeriine hole extending 
axially therethrough. The core glass preform is then typically positioned within 
a redraw ftjmace and heated to a temperature sufficient to facilitate redrawing 
or stretching of the core preform into a smaller diameter cylindrical glass body 
or core cane. During the redraw operation, the centeriine hole of the core 
blank is closed by, for example, applying vacuum along the<»nteriine hole. 
The reduction in pressure within the centeriine hole ensures complete closure 
of the centeriine hole such that the core cane has a solid centeriine region 
extending axially therethrough. After the redraw step, the resulting core cane 
is typically overclad with a layer of cladding soot, e.g. deposited via an OVD 
process. The resulting soot overclad core cane is chemfcally dried and 
consolidated to fomi an optical fiber preform, whtah can thereafter be drawn 

into an optical waveguide fiber. 

Despite the chemical drying and consolidation steps, such optical fibers 
have been found to exhibit a relatively high level of attenuation measured at 
approximately 1380 nm. The water peak is largely a resuK of water being 
trapped in ttie glass during ttie fiber manufacture process, a large portfon of 
this water being tripped within tiie centeriine region of the core cane prior to 
or during closure of the centeriine hole. In fact, atthough ttie blanks are 
chemically dried and sintered during consolidation, it has been found tiiat tiie 
region of glass surrounding and defining ttie centeriine bote is being rewet 
after drying, mainly due to exposure to ambient atmosphere, whfeh 
unavoidably contains water. This rewetting can occur for example when 4he 
preform is removed from the consolidation fiimace and moved to tiie redraw 
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fumace for further processing steps. Moreover, the greater the exposure time, 
the greater the amount of water at>sorbed by the glass. 

To reduce the amount of water trapped wWiin the centeriine region of the 
core cane, WO 00/64825 proposes either to prevent water exposure of the 
centeriine hole of the dried and consolidated preform by closing the^nterline 
hole during consolidation, or to chemically remove the water after rewetting 
has occun-ed, preferably at redraw, by treating the centreline hole witti a 
chemical drying agent, a chemical etching agent or-deuterium. 

In order to prevent rewetting of the glass bounding the centeriine hole, it is 
proposed either to close the centeriine hole or to seal the oenteriine hole 
during consolidation. 

As concerns the solution of closing the centeriine hote, the following 
method is described. Prior to consolidation of the soot preform, a glass plug Is 
fitted to the end of the centeriine hole opposite the end of the soot preform 
provided with a handle. Following chlorine drying, the porous body -(held 
vertically via the handle) is down driven into the hot zone of the tX)nsolidation 
furnace, preferably in an inert gas atmosphere, such as helium. The elevated 
temperature generated in the hot zone, preferably about 1S00"C, sinters 
porous body as it enters the hot zone. The inwardly directed sintering forces 
reduce the diameter of porous body thereby closing porous body onto plug to 
effectively seal one end of centeriine hole. The porous body is further down 
driven to sinter the remainder of porous body thereby forming a sirrtered giass 
prefonm having a centeriine hole sealed at its plugged ends. 

Following the consolidation step, the sintered glass preform is pceferably 
withdrawn from the hot zone, and the centeriine hole is e^^^osed to a vacuum 
of at least 10 Tonr, more preferably 100 mTorr, through an inner handte, 
which communicates with centeriine hole through the handle. The sintered 
giass preform is again down driven into the hot zone of tx^nsolidation fumace 
while centeriine hole is under vacuum. As the sinteced glass preform enters 
the hot zone, it softens sufficiently so that the vacuum fopoe acting on ihe 
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glass bounding the centeriine hole draws the glass inward, thereby -dosing 
centeriine hole as the sintered glass prefonn continues to move through the 
hot zone. 

The resulting solid sintered glass preform can then be removed from 
5 consolidation furnace and stored for further processing at a later time, or 
moved to a redraw furnace where it can be drawn into a neduoed diameter 
cane. In either event, since centeriine hole is dosed (i.e., the sinleied glass 
preform has a solid centeriine region), the centeriine pegion vnl\ not be 
exposed to ambient atmosphere and thus will not be rawet upon removal from 

10 consolidation furnace. 

The Applicant has observed that the process «)nditions required to 
produce the complete closure of the central hole at the end of the 
consolidation process are such that generation of internal defects in the 
prefomi, like bubbles or voids, is very likely. 

15 The Applicant has then found that, by causing only a partial dosure of the 
central hole in the consolidation furnace, and then completing the closure of 
the central hole in the subsequent step of stretching, the problem of rewetting 
of the central hole after consolidation is largely reduced and the formatfon <rf 
bubbles and voids is very unlikely. The partial closure of the central hole is 

20 achieved by subjecting the core preform to a farther thermal tr^tment after 
the steps of drying and consolidation in the furnace, without extraction of the 
preform from the fumace between the consolidation and the further thermal 
treatment. 

In fact, the collapse of the central hole during stretching, ttiat is with the 
15 help of the inward stresses due to the overall diameter contraction, is much 
more effective to avoid formation of bubbles or vokis in ttie fiber. At the^me 
time, even without the complete closure or waling of the central hole before 
extraction of the preform from the consolidation fumace, the reduction of the 
hole diameter renders the OH contamination after extraction from the fumace 
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very low, and fibers with final peak attenuation lower than 0.3S dB/knti can toe 
thus obtained. 

Even with respect to the conventional process wherein the central hole 
closure is completely done during stretching, the Applicant hasobserved that 
5 there is a sensible reduction of the internal defects. This is presumably due Id 
the fad, in the process of the present invention, stretching is perfonned on a 
preform having a central hole of reduced diameter and the steess undergone 
by the glass body is therefore lower. 

It has to be remarked that reducing the occun--ence of intemal defects in the 
10 optical fibres is a relevant item for industrial production, since it allows 
reducing waste and operations and obtaining higher fiber lengths. 

According to the present invention, upon consolidatkm of the core prefbmn 
in the hot zone of a fumace, the preform is extracted from the hot zone but 
not from the fumace, to avoid exposure to water-containing atmosphere. The 
15 central hole is then exposed to a vacuum through the handle on top of the 
consolidated prefomi. After raising the temperature of the hot zone to a glass 
melting temperature, the glass prefomi is again down driven into the hot zone 
at a predetermined speed. In such conditions the glass softens enough to get 
a significant reduction of the intemal radius of the central bote, without 
20 closure thereof and without any significant stretching of the whote prefonn 
due to gravity, thanks to the inward pressure and surface tenston of the glass. 

The Applicant has verified tiiat optkal fibers with attenuation at 1383 nm 
tower than 0.35 dB/km can be cunently obtained with the disclosed method. 
Moreover, a significant reduction of Intemal defecte in tiie -core of the final 

25 fiber (e.g. bubble, voids) is obtained. 

The present invention thus relates to a process for producing a low-toss<or 

low-attenuation) optical fiber comprising: 

. producing a soot core prefomi by chemfcal deposition on a substrate: 
• removing the substi^te from the soot cove prafonm, thereby fomiing a 
30 central hole along the soot preform; 
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• drying and consolidating the soot core preform to form a glass core 

prefomi; and 

• stretching the glass core prefomn; 

wherein the step of drying and consolidating comprises reducing *he 
5 diameter of the central hole and the step of stietdiing comprises ctosing the 
central hole. 

Preferably, the step of reducing the diameter of the central hole emprises 
reducing the pressure inside the centre! hole and subjecting the glass xxire 
preform to a temperature sufficient to soften glass. 

10 The diameter of the central hole at the end of the drying and <»nsolidation 
step is preferably of between about O.OS mm and 0.4 mm, more preferably of 
between about 0.05 mm and 0J2 mm. Advantageously, the diameter of the 
central hole at the end of the drying and consolidation «tBp is at most 1:10 of 
an initial diameter of the central hole. 

15 The step of drying and <5onsolldaton is preferably perfonmed in a furnace 
and advantageously includes drying the soot core preform at a first 
temperature, consolidating the de-hydrated soot core prefomi at a second 
temperature highw than the first temperature and subjecting the<»nsolidated 
core prefomi to a third temperature higher that the second temperature for 

20 reducing said diameter. 

In greater detail, the step of drying and <»nsolidation is preferably 
perfomied in a fumace including a first zone and a second zone, and 
comprises in sequence the following steps: 

• drying the soot core preform in the first zone, 

25 • moving the dried soot core preibmn from the firstzone to the second aone, 

• consolidating the soot core preform in the second zone, 

• moving the consolidated core preform from the second zone 4o the first 

zone, 

• reducing the pressure in the central hole. 
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• increasing the temperature in the sec5ond zone to a temperature sufRdent 
to soften glass, 

• moving the consolidated core preform flrom the first zone to the second 
zone, 

• teeping the consolidated core preform In the second zone until the 
diameter of the central hole has reduced to a desired value, and 

• removing the consolidated core preform from the furnace. 

The pressure in the central hole is preferably reduced to at most 200 mBar, 
more preferably to at most 1 00 mBar. 

For reducing the pressure in the <»ntral hole, a low-melting temperature 
member is fit to a lower end of the central hole glass before the step of -drying, 
and then a vacuum pump extracts gas from the central hole from an upper 
end ttiereof after the consolidated core preform has been moved from the 

second zone to the first zone. 

Reducing the diameter of the central hole advantageously comprises 
subjecting the glass core preform to a temperature between about 1495 'C 
and 1540 "C. This tiiermal treatment Is performed for a predetermined time, in 
particular, reducing the diameter of tiie central hole preferably comprises 
subjecting the glass core preform to a temperature suffif^nt to soften glass 
for a time comprised between 1 h and 3 h. 

The soot core prefonm has a core radius and an external radius, the ratio 
between tiie core radius and ttie external radius being preferably lower tiian 
about 0.4. 

The invention is described in detail below witii reference to the attached 
figures, in which a non-restrictive example of application is shown, in 
particular, 

- Figure 1 shows ttie Refiractive Index Profile (RIP) of a core preform 
obtained at an intermediate stage of the process of the present invention; 

- Figure 2 show (not in scale) a furnace for consolidation of a^ot preform; 
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- Figure 3 represents the temperature within the furnace, the position of Ihe 
preform, and the preform travelling time during the process of drying and 
consolidation of the core soot preform; 

- Figure 4 shows a series of curves simulating the tehaviour of the 
consolidated preform during a heat treatment wherein the diameter of the 

oentrai hole is reduced; 

- Figure 5 schematically represents a device for stretching the <»nsoiidated 

core preform; and 

_ Figure 6 shows the cumulative distribution (indicated as ficequency in the 
vertical axis) of the attenuation at 1383 nm for four fillers obtained by four 
different processes. 

A process for producing a glass optical fiber according to the present 
invention includes the following steps. 

In a first stage, a plurality of chemical substances, typically comprising 
oxides of siUcium and germanium, is deposited on a <jylindrical mandrel 
(typically of aluminium) by Outside Vapor Deposition <OVD), using a OVD 
apparatus of a known type (not shown). The substenees -so deposited will 
form the core and an inner cladding portion of the final optical fiber. During 
the soot deposition, the reactants flow may be varied so as to obtain a 
predetermined Retractive Index Profile (RIP). 

In particular, by controlling the reactants flow it is possible to obtain a 
desired ratio between core radius and external radius of the cone prefonm, 
and a desired average density of the soot at the end of the deposition stage. 

The ratio between core radius and external radius -can t>e derived from the 
Retractive Index Profile (RIP) of the core preform, which in turn <jan be 
measured on the core canes (resulting firom the fourth st^e of the process 
described below) by means of an appropriate preform profile analyser. "Figure 
1 shows the RIP of a core cane realized by the above OVD process, 
measured by a YORK PI 06 preform analyser (tiie zone in grey -cannot be 
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detected by the instalment). The RIP has indicated on the horizontal axis the 
core radius (CR) and the external radius^ER). 

The Applicant has verified that the ratio between core radius and external 
radius should be preferably lower than 0.4, more preferably lower than of 
0.38, still more preferably lower than of 0.33, so as to prevent contamination 
of the core and inner cladding region due io diffusion of OH from the 
overcladding region. 

In a second stage, the mandrel is extracted from the core prefbmi, leaving 
a central hole along the longitudinal axis of the core preform. 

In a third stage, herein below described with reference to Figure 2, the 
core preform 23 is subjected to a process of drying and consolidation by 
means of an apparatus 10. Drying and consolidation apparatus 10 comprises 
a fumace 20 and a preform translation device 15. 

The fumace 20 comprises a lateral wall 29, preferably c^iirulrical, a 
basement 30 and a heating system not shown. Lateral wall 29 intemally 
delimits a region for thermal treatment of the preform, including an upper 
zone 21 and a lower zone 22. In use, the funriaoe 20 is heated In-such a way 
as to show a non-uniform longitudinal temperature profile. In particular, the 
temperature in the lower zone 22 is higher than in the upper zone 21, aruithe 
lower zone 21 is therefore called also "hot zone". Advantageously, the upper 
zone 21 and the lower zone 22 are used for de-hydration and consolidation of 
the preform 23, respectively. 

Basement 30 of fomace 20 may be -connected to a gas delivery system 
(not shown) through one or more duds 28. 

The core prefonm 23 is provided at one end with a handte 25 and the 
preform translation device 16 comprises an anm 24 for gripping the handte 25 
and holding the prefonm 23 vertically. The preform translation device 16 is 
suitable to move the preform vertically between an upper position outside the 
fumace 20 and a lower position within the hot zone 22 of the fumace 20. A 
gas flow passage is provided through arm 24 and handte 25 4o allow a drying 
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gas to flow from a gas delivery device <not shown) into the oentrrf tiole 26 of 
the pieform 23. 

The process of consolidation and drying will be herein-below described 
with reference to Figure 3. which shows a typical temperatupe profile 31 
5 within the furnace 20, represented as temperature <left vertical axis) vs. axial 
position along the fiimace (horizontal axis) measure from the top theneof. It 
can be observed that the temperature in the upper zone 21 is almost ^constant 
(i.e. zone 21 is an almost isothermal zone), then rises quite rapidly through a 
transition zone 19 to reach its highest value in the hot zone 22. 
10 Figure 3 further shows the position of the preform 23 :<pepresented by a 
black segment of length proportional to that of the preform) vs. time <right 
vertical axes) during the dehydration-consolidation process. 

The process starts by coupling arm 24 to handle 25 and by placing the 
preform 23 in the upper position outside the furnace 20. A cylindrical tut)e 27, 
15 made of lownmelting temperature glass, is then fitted to the central hole 26 at 
the bottom of the preform 23. 

The preform 23 is then moved down into the upper ^one 21 of the fumaoe 
20- One or more drying gases, typically including Cb, are fed into the central 
hole 26 through arm 24 and handle 25, In order to eliminate the hydrmdde 
20 ions and the water molecules in the preform -(drying process). -For example, 
0.15 l/min of CI2 may be fed together with 1.5 l/min of He, Moreover, an inert 
gas, preferably He, is fed through ducts 28 into the fumaoe 20. For^xample, 
80 l/min of He are fed into the furnace 20 at this stage. 

In the diagram of Figure 3, number 32 indicates the positton of preffomri 23 
25 inside the furnace 20 at the beginning of the dehydration process, in which 
the prefomi 23 is positioned in the upper zone 21 <in the example here 
considered, the upper end of the prefonm is at about 2700 mm from the top of 
the furnace 20 and the lower end thereof at about 3200 mm from the top of 
the furnace 20). The temperature of the prefonm grows In a Felatively -short 
30 time to the temperature of curve 31 conpesponding to that position, which js of 
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about 1000**C (more precisely, from about 950X to about lOSO^C) in the 
illustrated example. 

The prefomfi 23 is kept in this position for a predetemnined time, such as for 
example 1 h, to allow complete dehydration thereof. Number 33 indicaies the 
prefomi 23 at the end of this dehydration process <same position but time- 
shift of 60 min with respect to segment 32). 

Prefomi 23 is then moved down towards hot zone 22 for the <x)nsolidation 
process, preferably at a constant speed, for example 5 mm/min. Number 34 
indicates an intennediate position of the prefomi 23 during lowering, t60 min 
from the beginning of the process in the illustrated sample. In this 
intermediate position, the ends of the prefomi 23 are subjected to very 
different temperatures, since the temperature of fomace 20 varies sharply In 
that zone (in the illustrated example, the temperatures at the upper and lower 
ends of ttie prefonm 23 are of about 1030"C and 1300X, respectively). 

As the lower end of the prefonm 23 enters the hot zone 22, the prefomi 23 
starts consolidating (i.e. the soot core preform transforms into a vitrified <X)re 
prefomi). Meanwhile, the glass tube 27 melts and seals the lower «nd of the 
central hole 26. In Figure 2, the preform 23 is nepresented by a dashed line 
while entering the hot zone 22. In this stage, the furnace 20 is still fed witii an 
inert gas, such as He, preferably at the same flow rate as in the drying stage. 
At this stage, the temperature In the hot zone 22 may be, for example, of 
about 1420°C. 

The preform 23 is moved down until it has almost oompietely ^crossed the 
hot zone 22, more precisely until the lower end thereof has exited the hot 
zone downward and the upper end has entered the hot zone. In the diagram 
of Figure 3, number 35 indicates the position of the prefomi 53 at completion 
of the consolidation process, after a predetermined travelling time in zone 22. 
The vitrified core prefonn 23 is then moved back out of the hotzone 22. 

In a conventional process, preform 23 would be comptetely removed ^rom 
fumace 20 and the process of drying and consolidation of the <x)re pceform 
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would be conduded. A typical preform vwould have, at the end off a 
conventional process of drying and consolidation, a diameter of the -cental 
hole of between 3 mm and 4 mm. 

According to ttie present invention, the preform 23 is not^extracted from the 
furnace after drying and consolidation, and is subjected to a further thermal 
treatment in the furnace 20 for partial closure of the central hole 26, i^. for 
reducing the diameter of the central hole 26 without a complete dosuie 
thereof. 

In greater detail, instead of being extracted from the furnace 20, the 
prefomi 23 is raised from the hot zone 21 towards the upper-zone 21, such as 
up to the intenmediate position 34 in Figure 3. A vacuum Is then ciaeated 
inside the central hole 26 through the ami 24 and handle 25 by means of a 
vacuum pump which extract the gas from tiie central hole, so as to reduce the 
pressure in the hole 26 down to a value preferably lower than 200 mBar, more 
preferably lower than 100 mBar. At the^ame time, the temperatune in *ie hot 
zone 22 is raised at a value preferably between 1495X; and 1540*C, more 
preferably between ISIO^C and 1530**C, for example 1520^C. After 
stabilization of the temperature in the hot zone 22 <i.e. after about K) min), 
the preform 23 is driven down again into the hot zone 22, for example down 
again to position 35 in Figure 3, at a speed preferably comprised between 3 
mm/min and 4 mm/min, for example of 3.4 mm/min. In this stage, the fiimace 
20 is still fed with an inert gas, preferably He. The flow rate of this inert gas 
through ducts 28 is preferably lower ttian in the drying and consolidation 
stages. A suitable flow rate is for example 20 l/min. 

In the hot zone 22, the glass softens and the central hote 26 undergoes a 
diameter reduction due to the inward pressure and surface tension of the 
glass, without any significant stretching of the prefonm due to gravity. Oue^o 
the downward motion, the diameter reduction runs from the lower^nd to ihe 
upper end of the preform. The travelling time of the piaefonm 23 acrossihe hot 
zone 22 (i e. the time required for a point on the preform to comptetely cross 
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the hot zone) is predetermined so as to obtain the desiced hole diameter 
reduction. After reaching position 35, the prefomi 23 may be kept steady for a 
predetermined time, for exampte for 15 min, to <»mpensate for the typically 
la^er initial hole diameter on top of the preform. Then, the pi^form 2.3 is 
5 raised up and finally removed from the fomace 20. 

The diameter of the central hole 26 at the end of this further thermal 
treatment is preferably lower than about 0.4 mm and greater than about O.OS 
mm, more preferably lower than about 0^ mm and greater than atx)ut O.OS 
mm. Considering a typical initial diameter of about 4 mm, the final diameter is 

10 preferably between about 1:10 and about 1:80 the initial diam^er, more 
preferably between about 1:20 and about 1:80 the initial diameter. A diameter 
larger than 0-4 mm could result in a not-negligible OH contamination after 
extraction of the prefomi 23 firom the fomace 20, while a diameter lower than 
0.05 mm could induce premature closure of the hole 26. 

15 The final hole diameter reached at the end of the forther thermal treatment 
depends on different parameters, including the initial hole diameter, the 
temperature in the hot zone 22, the pressures inside the central hote^ and 
outside the preform 23, and the time of travelling of the preform 23 in the hot 
zone 22. 

^0 It is possible to simulate the geometrical modification of the ppeform 23 in 
the fomace 20 by considering a hollow cylinder of infinite lengtii, having an 
internal radius Ri, an extemal radius R2»Ri, an internal pressure Pi and an 
extemal pressure P2, made with a material having viscosity ^l and surface 
tension o- It can be shown that the intemal radius Ri varies in time as follows: 



A working value of surface tension o for glass is 0.3 N/m. The difference 
P2-P1 is neariy 1 bar. Viscosity data for silica glass are avaHabte in literature. 
At 1500 *C, viscosity is of about 1 .4 10® kg/(m sec). 



25 
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Figure 4 shows different curves associated with the evolution of the 
internal radius Ri vs. temperature T in the hot zone 22, at various travelling 
tirnes of tiie prefomi 23 within the hot zone 22: 

- curve 41: 10 minutes 

- curve 42: 1 hour 

- curve 43: 2 hours 

- curve 44: 3 hours 

A set of curves like those reported in Figure 4 can be easily obtained 
empirically for any specific furnace by a person skilled in the art. 

Having selected a desired range of values for the final diameter and a 
suitable range for the temperature T of the hot ^ne 22, Figure 4 allows 
identiiying a suitable curve. For example, by choosing a final hote diameter 
between 0.05 mm and 0.2 mm and a hot zone temperature between 1495"C 
and 1525**C, a rectangular box 49 can be drawn in the diagram, and ell the 
curves intersecting this box identify suitable travelling times. In the present 
case, intersections of box 49 witii curves 42 and 44 show fliat a suHable 
travelling time is between 1 hour and 3 hours. 

The process parameters must be set so as to achieve the desired diameter 
reduction without the complete closure of the <»ntral hote 26, m order to 
prevent formation of voids, bubbles, or simitar defects. The^one of box 49 is 
also characterized by a reduced slope of the curves, which means a reduced 
sensitivity to the process conditions (time and temperature). 

As any person skilled in the art can realize, different ranges of ToouW be 
appropriate vwtti a suitable change of travelling time in the hot zone 22. 

In a fourtii stage, the consolidated -core prefonm 23 is subjected to a 
stretching process by means of a stretehing apparatus shown sdiematically in 
Figure 5 and there indicated with SO. 

The sb-etching apparatus 50 includes a vertical furnace SI, a preform 
feeding device (not shown) for feeding tiie preform 23 into the Himace 51 and 
a traction device 53 for pulling down the cooted material. 
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The sb-etdiing process includes creating vacuum inside the reduced- 
diameter central hole through the handle of the prefonn 23'(as described, for 
example, in US 4,810,276) and lowering the prefomi 23 into the vertical 
furnace 51 for melting a lower end thereof. 

Possible process conditions are the following: 

• vacuum: 1 mBan 

• temperature of furnace 51 : 1920-1 980°C; 

• tractor speed: 25 cm/min. 

The melt of the lower end of the preform 23 and the vacuum inside the 
central hole 26 cause the walls of the central hole 26 to collapse to a 
complete closure. The fused glass material exiting the fumace«)ols, fomning 
a Q^indrical elongated glass member 54 of predetermined diameter, which is 
stretched downwards by the traction device 53. The traction device may be<jf 
the type described in WO 01/49616, which is suitable to impart a twist to the 
elongated glass member 54 during stretching, thus producing a rod-like 
member with a high degree of straightness. 

After cooling, the elongated glass member 64 is cut in a plurality of rods, 
called "core rods" or "core canes". 

In a fifUi stage, each core rod is used as a substrate for a fiirtiier process of 
OVD chemical deposition of a known type, herein below called "ovetcladding 
process". The overcladding process comprises depositing SiOa on the core 
rod, to form an outer portion of tiie prefonm tiiat will define an outer portion of 
the cladding of ttie final fiber. This further deposition process may be canied 
out as described in WO 03/045861. The result of this stage is a final pueform 
having the outer surface pf the cladding coaxial to the cote. 

In a sixth stage, herein below identified as "overcladding dehydration- 
consolidation process" or "final-preform consolKlation prooess", the final 
prefbmi is dried and consolidated by a procedure similar to that of the tiiird 
stage, tiius obtaining a vitrified final preform. The same apparatus used for 
the third stage (apparatus 10)can be used for tfiis -stage, as well. 
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In the final-preform consolidation process, CI2 is fed together witti He into 
the furnace through the bottom piping 28, while the preform 23 is mowed down 
at a predetermined speed. Preferred values for the process parameters are 
the following: 

• flow rate of CI2 : between 0.85 l/min and 1 .7 l/min; 

• flow rate of He : between 20 l/min and 30 l/min; 

• speed of the preform during lowering: between 5 mm/min and 7 mm/min; 

• temperature of the (isothermal) eone 21 : between 1 000*'C and 1 lOOX); 

• temperature of the hot zone 22: between 1480*'C and 1S30*C. 

In a seventh (and last) stage, the final prefonn is drawn in appropriate 
drawing towers of a known type, wherein the final preform is supplied, atong a 
vertical direction, to a fomace, so as to obtain melting of a lower portion 
thereof. The molten material is then drawn and cooled so as to obtain an 
optical fiber with the desired characteristics. 
Example 

The Applicant has compared the attenuation of four different fitters Fi, F2, 
F3 and F4, differing for the characteristics of the cone preform, for the 
conditions in the core-preform consolidation process and for the conditions in 
the final -preform consolidation process. 

The characteristic of the core preform that has tjeen varied <by varyirig the 
flow of the reactants in the deposition process), is the ratio t)etween <x)re 
radius and external radius. 

As previously mentioned, the ratio between core radius and ^external radius 
can be derived from ttie Refractive Index Profile <RIP) of the core poefonm, 
which can be measured on the core cane by means of an appropriate preform 
profile analyser. 

A first core preform, which will be referred to as "cone preform^, has teen 
produced with a ratio between -core radius and extemal radius of 0.38. A 
second core preform, which will be referred to as "«)re preform F", has t>een 
produced with a rati'o between core radius and^extemal radius of 0,44. 
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Core preform F is considered to be more subjected to OH contamination 
from the overcladding than core prefomi E, since it is easier for the OH ions 
collected in the overcladding region and still present after drying and 
consolidation to reach the core region during the high-temperature process of 
s drawing. 

The core-preform consolidation process has been first performed in a 
conventional way. i.e. with no hole diameter reduction, and aocording to the 
present invention. i.e. with hole diameter reduction. The conventional process 
will be refened to as "core-preform consolidation A" the process according to 
10 the present invention as "core-preform consolidation B". 

TTie final preform consolidation process has been performed in two 
different conditions, which wUI be refened to as "final-preform consolidation 
C and "final-preform consolidation D". In final-preform consolidation C, 0.85 
l/min of CI2 in 25 l/min of He have been fed from the bottom piping 28, the 
15 prefomi 23 was moved down at a speed of 7 mm/min, and the isothermal 
zone 21 and hot zone 22 were at 1000 "C and 1500 'C, respectively. In final- 
prefonn consolidation D, 1 .7 l/min of CI2 in 26 l/min of He have been fed litom 
the bottom piping 28, the preform 23 was moved down at a «peed of S 
mm/min, and the isothennal zone 21 and hot zone 22 were at 11O0 "KJ and 
20 1500 "C, respectively. 

Fibere Fi, F2, F3 and F4 were made as reported in Table I. 

Table t 





Core preform 


Core-preform 

consolidation 

' 


Final-preform 
consolidation 


Fi 


F 


A 


c 


F2 


F 

4 


B 


c 


F3 


E ' 


B 

— f 


c 


F4 


E 

1 


B 


0 
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Figure 6 shows the cumulative distribution of tiie peak attenuation at 1383 
nm for fibera Fi, F2, F3 and F4. The results are summarized in terms of 
average values in Table II, togetiier vwth the averages at 1310 nm. 

Table 11 





att@ 1383nm 


att4@ 1310 nm 


F+A+C 


0.59 


0.336 


F+B+C 


0.49 


0.332 


E+B+C 


0.38 


■0.327 


E+B+D 


0.32 


0.326 



It can be appreciated that the reduction of the central hole in the core- 
prefomi consolidation process (B) allows reducing sensibly the signal 
attenuation at 1310 nm and 1383 nm, while further improvements are 
achieved by appropriately choosing the characteristics of the core preform <e 
10 better ttian F) and the conditions in tiie final -preform consolidation process <D 
better tiianC). 

Regarding tiie internal defects of tiie fiber, as detected in tiie drawing 
process, a significant difference can be obsen^ed between preforms obtained 
from processes A and B, regardless tiie prefomi RIP and tiie final -preform 
15 consolidation process. In particular, the number of defects detected in ihe 
prefonns irom process B is less than half those found in ihe prefonns firom 
process A. 



